ABSTRACT An experiment was conducted to investigate the effect of restricted feeding of a commercially available probiotic diet on production/processing performance, Campylobacter jejuni prevalence, and organ weights in broiler chickens. Five hundred forty 1-d-old broiler chicks were randomly assigned to a control or a direct-fed microbial (PrimaLac, DFM) diet and subjected to ad libitum full-fed (A), restricted 8-h (R), or skip-aday (S) feeding regimens. Each of the 6 treatments was replicated 3 times with 15 male and 15 female chicks per pen for 49 d. Significant (P < 0.05) differences between BW in the control and DFM groups with regard to feed type were found at d 7 (A), female d 21 (R) male and females, and d 49 (A and S) male and females. Body weights of males in the control group were significantly higher than the DFM (A) and differed by regimens (A>R>S) at d 49, whereas weights of females did not differ in regimens A and S. Body weight in the control females
INTRODUCTION
The microbial populations in the gastrointestinal tracts of poultry play a key role in normal digestive processes and in maintaining the animal's health. Changes in diet can substantially affect these bacteria and their healthpromoting effects. Dietary changes, however, are often desirable to improve product outcomes such as weight, flavor, and body part proportions. Consequently, to counter reducing effects resulting from dietary change, means for preserving and promoting essential microbial populations in the gut are needed. One promising approach is to use probiotic feed supplements. 606 of regimen R was significantly higher than those in regimens A and S. Carcass yield was significantly higher for males in the control regimen A, 78.1 vs. 74.6% for the DFM regimen A; however, females did not differ significantly in this regimen, but did so in regimen S with 72.6 vs. 69.0%. The gizzard weights were significantly higher for broilers exposed to S and R regimens when compared with the A regimen. The prevalence of C. jejuni in the DFM-treated broilers regimen R was lower (33 vs. 60% positive) for the control group at 21 d. The weekly BW throughout the study reflected many variations, but broiler chickens receiving the control feed on regimen A performed better than those receiving the DFM feed. From the present results, it was concluded that supplementation of DFM reduced the presence of C. jejuni but had no significant effect on the growth performance of broilers; however, there were some significant trends regarding sex, feed, and feeding methods on the performance results.
Probiotics beneficially affect the host animal by improving its intestinal microbial balance. These bacteria are defined as live microorganisms that are host originated, nonpathogenic, resistant to gastric acid and bile. They have a high affinity for attachment to the mucosal wall, produce inhibitory compounds, and adjust to immune responses (Patterson and Burkholder, 2003) . They produce beneficial changes in gut flora by manufacturing acids that inhibit the growth of harmful bacteria (Sun, 2005) .
Studies on the beneficial impact on poultry performance have indicated that probiotic supplementation can have positive effects. Kabir et al. (2004) , for example, conducted a 6-wk growth performance study with broilers and found that live weight gain and carcass yields were significantly higher in broilers fed probiotic supplementation. They also found significant differences among spleen and bursa weights. Davis and Anderson (2002) reported that PrimaLac as a direct-fed microbiotic improved egg size and lowered feed cost in laying hens. Lan et al. (2003) found higher (P < 0.01) weight gains in broilers subjected to 2 probiotic species. However, Kara-oglu and Durdag (2005) used Saccharomyces cerevisiae as a dietary probiotic to assess performance and found no overall weight gain difference.
The use of probiotic bacteria to exclude the colonization of pathogens in the gastrointestinal tract of poultry has also been studied with great interest. Campylobacter jejuni is one of the most common bacterial causes of foodborne illness, and a few studies have shown that probiotics may be able to reduce the amount of bacteria in chickens. Morishita et al. (1997) found that chickens receiving a mixture of Lactobacillus acidophilus and Streptococcus faecium early in life were colonized significantly less with C. jejuni than chickens in the control group. Chang and Chen (2000) reported significant in vitro inhibition of C. jejuni by a mixture of 4 Lactobacillus species.
Thus, although probiotics have been shown to be a potential tool for reducing disease-causing foodborne bacteria in laboratory experiments, their possible use with restricted feeding regimens has not been investigated. This important period in poultry production is critical because changes in diet can make the animal more vulnerable to infection. Therefore, this study was undertaken to investigate various feeding regimens of probiotic diets on the production performance of broiler chickens and C. jejuni colonization.
MATERIALS AND METHODS

Experimental Design and Husbandry
Five hundred forty day-of-hatch broiler chicks (Ross × Ross) male and female (270 each) were obtained from a local commercial hatchery. Chicks were vaccinated for Newcastle, infectious bronchitis, and Marek's disease at the hatchery. The chicks were divided into groups of 15 males and 15 females, weighed, and randomly assigned to 1.524 m × 3.657 m floor pens with 2 hanging tube feeders and 1 suspended drinker. Lighting and water were continuous throughout the trial.
The chicks were divided equally (males and females) into control and direct-fed microbial (DFM) groups. These groups were then further divided into 3 feeding regimens: ad libitum (A), restricted 8-h (R), and skip-aday (S). Ad libitum feeding provided the broilers with 24-h access to feed for the entire trial; restricted 8-h broilers were allowed feed from 0800 to 1600 h; and the skipa-day feeding broilers were allowed feed 24 h. Feed was withheld for 24 h on alternating days. Each condition was replicated 3 times with the regimens starting on d 8 of production. The chicks were initially started at 35°C, and then the temperature was gradually decreased to 25°C by the end of 3 wk. The study was conducted over a 49-d period.
Probiotics
Probiotics were provided through microbial cultures (PrimaLac, Star Labs, St. Joseph, MO). An analysis of the culture mix indicated a minimum presence of 1.04 × 10 8 cfu per g (Lactobacillus acidophilus, Lactobacilles casei, Bifidobacterium thermophilus, Enterococcus faecium). The starter/ grower diets were formulated and marketed by a commercial feed manufacturer. These diets were fed continually throughout the 49-d trial. Nutrient concentrations met or exceeded minimum requirements according to the National Research Council (1994).
Feed Consumption/Conversion, Mortality, BW, Carcass Yield, Organ Weight
Mortality was recorded daily and BW weekly, and feed consumption/conversion was assessed at 3-wk intervals (21 and 42 d). Carcass yield percentages were determined at 49 d of age by pooling 3 males and 3 females from each treatment group/replicate. The pooled birds were weighed, stunned, bled out, scalded, and defeathered using a rotary drum picker. All internal organs were removed and pooled weighed. Fat pads were obtained and weighed in the same manner.
Campylobacter jejuni Isolation
Campylobacter jejuni presence was assessed on d 21 and 42. Cloaca swabs were randomly taken from 5 broilers per replicate at d 21 and 6 at d 42, placed in an ice cooler, and transported to the laboratory within 3 h for analysis. Samples were plated onto BBL agar plates (BBL-Agar, Oxford, MD), sealed into plastic bags, and filled with microaerophilic gas (5% oxygen, 10% carbon dioxide, and 85% nitrogen). The plates were incubated for 48 h, and analyzed for the presence of C. jejuni. Confirmation was conducted by performing microscopic analysis and latex agglutination testing.
Statistical Analysis
Data were analyzed with the ANOVA procedure from the Statistical Analysis System (SAS Institute Inc., 1990). Statements of statistical significance were based on P < 0.05. The least significant difference test was used for means pairs testing.
RESULTS AND DISCUSSION
Weekly Weights, Mortalities, Carcass Yield Percentage, Feed Conversion, Organ Weights, and Campylobacter jejuni Presence
Mortality was not significantly (P < 0.05) affected by probiotic treatment or feeding regimens over the 6-wk period (data not shown). Mean values of weekly BW are shown in Table 1 . At d 7, average weights were significantly (P < 0.05) different by sex in the R regimen of the control group and in all the feeding regimens of the DFM group. Weights of males in regimens A and R of the control group were significantly higher than in regimen Means within a columns with no common superscript differ significantly (P < 0.05).
1 C = control; E = experimental (probiotic).
S, whereas weights of females in regimens R and S of the control group were significantly lower than in regimen A. At d 14, BW of regimen R in the DFM group were significantly different by sex (male > female). In the control and DFM groups at d 21, BW of all individuals were significantly different by regimens (A>R>S). Of special note in regimen R, BW was significantly different between the control and DFM group. At d 28, BW of regimen A was significantly higher than those of regimens R and S in the control and DFM group. Body weights of all regimens in the control and DFM groups at 35 d was not significantly different between males and females except for regimen A in the DFM group. In males of the control group, BW in regimens A and R were significantly higher than those in regimen S. In females of the control group, weights were significantly different by regimens (A>R>S).
In males and females of the DFM group, BW were significantly different by regimens (A>R>S). The BW of all regimens in the control and DFM groups at d 42 were not significantly different by sex, but BW were significantly different by regimens (A>R>S). In the control and DFM groups, BW were significantly different by regimens (A>R>S). At 49 d of age, BW of all regimens in the control and DFM groups did not differ significantly between males and females except for regimen A in the control group. Weights of males in the control group were significantly higher than the DFM (A) and differed by regimens, whereas females did not differ in regimen A and S control groups. The BW of the control females in regimen R were significantly higher than those in regimens A and S. In the experimental DFM groups, BW in regimen S was significantly lower than in regimens A and R for males and females. Overall, d 21 regimen R, and d 49 regimens A and S showed significant differences between the control and experimental group regarding feed type. The weekly BW during this experiment supports the notion that the efficacy of probiotic application depends on many factors such as environmental and stress factors, diet, administration (method, level, frequency), farm sanitation, undefined microorganisms, and bird age (Ewing and Cole, 1994; Patterson and Burkholder, 2003 ). Yet, others (Stavric and Kornegay, 1995) reported that it is difficult to assess earlier studies because experimental procedures were not clearly defined, their viability of the microorganisms was not verified, and the data were not statistically analyzed. The results from this study suggest that sex and feeding regimens in some cases can be added to the many factors that influence the efficacy of some probiotic application. There are documented growth-promoting effects of probiotics in broiler diets (Aarestrup et al., 2000) . Recently, a study by Mountzouris et al. (2007) reported that probiotic treatment displayed a growth-promoting effect comparable with the avilamycin treatment. In the present study, the growth-promoting effect on BW of the DFM at d 49 in the A regimen males was not comparable with the control feed, whereas the females responded significantly better on the DFM feed. In another study conducted by Chichlowski et al. (2007) , comparable BW with DFM and the control diet in a 21-d trial were reported. Although this study lacked some positive effects on BW with DFM, it is generally accepted that many of the factors previously discussed influenced the results of this experiment. Moreover, most trials with probiotics reported thus far have Means within a columns with no common superscript differ significantly (P < 0.05). Means within a columns with no common superscript differ significantly (P < 0.05). 1 C = control; E = experimental (probiotic).
been experimentally different with various numbers and strains of microorganisms.
Carcass Yield Percentage
Carcass yield percentages are presented in Table 2 . Significant (P < 0.05) higher carcass yield percentages were noted in males fed the control diet in regimen A (78.1%) when compared with DFM in the same regimen (74.6%), whereas it did not differ with females in this regimen. Regimen S with the DFM-fed females had significantly higher carcass yield of 72.6 vs. 69.0% when compared with the control-fed females. Kabir et al. (2004) reported different results with broilers on probiotic supplements that yielded significantly (P < 0.05) higher carcass yields when compared with the control. Both male and female broilers on the R and S regimens had comparable carcass yield results.
Feed Conversion
Feed conversions were assessed on d 21 and 42 for the broiler chickens (Table 3 ). There were no significant differences observed between the control and DFM feed groups; however, there were significant differences (P < 0.05) found among feeding regimens. Broilers on the A Means within a columns with no common superscript differ significantly (P < 0.05).
1 C = control, E = experimental (probiotic).
and R regimens had similar results on d 21 (1.52 kg; 1.54 kg, respectively). The S regimen resulted in a more efficient conversion (1.44 kg). Feed conversion assessment at d 42 showed significant differences (P < 0.05) between feed conversions within feeding regimens. The R feeding regimens (1.55) were the most efficient feed conversions followed by S (1.65) and A (1.85), respectively. Broilers on the A and R regimens had greater consumption in feed from d 21 to 42, which produced noteworthy increases in those feed conversions. The broilers on the R feeding schedule remained constant, therefore, yielding more efficient feed conversion (1.55 kg), which was similar to reports by Ballay et al. (1992) , Dozier et al. (2002) , and Oyedeji and Atteh (2005) . The result that probiotic supplementation was associated with female broilers utilizing their feed more efficiently (resulting in weight gain) is consistent with findings reported by Kabir et al. (2004) .
Relative Organ and Tissue Weights
Mean values for relative organ weights are found in Table 4 . There were no significant differences among organ weights relative to feed types; however, variations were found in the feeding regimens. Significant differences (P < 0.05) were found between the gizzards and fat pads of male and female broilers. Male and female broilers on R and S regimens produced larger gizzards than male and female broilers on the A regimen. Broilers on the R and S regimens, in the absence of feed, probably consumed litter while scratching for loose feed. This resulted in an increased gizzard size due to the presence of indigestible material and greater density of muscle tissue. These findings are in agreement with those of Oyedeji and Atteh (2005) , which showed broilers on R and S regimens had similar BW and produced significantly (P < 0.05) larger gizzards than those on the A regimen. Fat pad weights did not differ significantly among the control feed in regimen A and the DFM. There were not any noteworthy differences for discussion between fat pads in regimens A, B, and S, or sex, although some significant variations were observed in the treatments. The sizes of the bursas did not differ significantly (P < 0.05) by treatment group. The size of the bursa, in part, corresponds with the relative health condition of the broiler itself. Healthy broilers will produce larger bursas than sick, weak, or stressed ones (Bennett, 2001) . Kabir et al. (2004) found a significant (P < 0.05) increase in spleen weights of vaccinated broilers where nonvaccinated broilers produced significantly (P < 0.05) larger bursas. Our results did not reflect larger bursas from DFM supplementation. This was probably due to a different mixture of organisms utilized. All broilers in this study were presumed to be healthy and not unduly stressed in the experiment based on the bursa size.
Campylobacter jejuni Prevalence
Campylobacter jejuni prevalence is found in Table 5 . On d 21, 20% of broilers were positive on the control feed regimen A for C. jejuni, whereas the DFM R and controlfed broilers had a 33 and 60% occurrence, respectively. For the other feeds, the S regimen had a prevalence of 27% followed by the A feeding regimen of 20%. By d 42, all control A-fed broilers in each regimen had a 56% positive presence of C. jejuni, whereas all DFM-fed broilers had a lower percentage (44%). The DFM-fed broilers showed trends of a reduction of C. jejuni presence that were similar to results found in studies performed by Chang and Chen (2000) and Morishita et al., (1997) . The percentage of positive C. jejuni broilers on DFM feed in the present study was lower than those found in a study by Willis et al. (2000) . There were some indications that feed restriction influenced the presence of C. jejuni at 21-d sampling. By using the competitive exclusion approach, some probiotics (Owings et al., 1989; Jin et al., 1998; Line et al., 1998; Nisbit, 1998; Netherwood et al., 1999; Fritts et al., 2000) and prebiotics (Chambers et al., 1997; Fukata et al., 1999) have shown reduction in colonization and shedding of Salmonella and Campylobacter. Although the DFM group had a lower level of Campylobacter, they were not pathogen free. This suggests that DFM alone was not sufficient to reduce their presence to acceptable levels. This provides an opportunity for additional research to enhance the impact of probiotics on foodborne pathogens in broiler chickens.
